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FIG. 2 
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FIG. 3 
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DETECT ORIGINAL DOCUMENT PIXEL AND BACKGROUND PIXEL 
BASED ON PRESCRIBED THRESHOLD VALUE 

ACOUIRE AND STORE POSITIONS OF LEFT EDGE PXEL AND 
RIGHT EDGE PIXEL OF ONE LINE OF ORIGINAL DOCUMENT 

BASED ON POSITIONS OF LEFT EDGE PIXELS OF NINE LINES AND 
POSITIONS OF RIGHT EDGE PIXELS OF NINE LINES, ATTEMPT DETECTION 
OF FEATURE POINTS (LEADING CORNERPORTION, LEFT-HAND CORNER 
PORTION, TRAILING CORNERPORTION, RIGHT-HAND CORNERPORTION, 
AND PARALLEL SIDE), AND IF DETECTED, STORE POSITIONS OF POINTS, 
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FIG. 5 

DETECT LEADING CORNERPORTION 
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ACOUIRE POSITION THEREOF TO STORE 
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FIG. 7 

DETECT LEFT-HAND CORNERPORTION 
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DETECT PARALLEL SIDE 
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FIG. 11 
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FIG. 13 

COMBINATION OF FEATURE POINTS TO BE SELECTED 

LEADING CORNERPORTION AND LEFT-HAND CORNERPORTION 

LEFT-HAND CORNERPORTION AND 
TRAILING CORNERPORTION 

RIGHT-HAND CORNERPORTION AND 
TRAILING CORNERPORTION 

LEADING CORNERPORTION AND 
RIGHT-HAND CORNERPORTION 

TWO POINTS ON PARALLEL SIDE 

  



Patent Application Publication Apr. 30, 2009 Sheet 14 of 16 US 2009/01095O2 A1 

FIG. 14 

LEADING CORNERPORTION X 
{RIGHT ANGLEX COUNTERCLOCKWISE ROTATION s 

iii. 
SSSSSSSSSSSSSSS isitiitiitiitiitiitiitiisi'ssificii 

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
S.S.S.S.S.S.S.S. ESSEE 

EEEEEEEEEEEE:::::::::: 

Ex S. E. 3H 
::::::::::::::::::::::::iii. 
RSS Sess S. St. Ya 

CORNERPORTION 3E 
assass SES ....... 

'CLOCKWISE ROTATION iii.3E 
3. ::::::::::::::::::::::iii. 
:::::::::::::::::::: 
:::::::::::::::::::::::::::::::::: .. ::::::::::::::::::: 3:23:33 

POINT (1) ON 3. 
PARALLEL SIDE Hä a w :::::::::::::::::::::::::::::::: COUNTERCLOCKWISE E. 

A. EEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

ROTATION :::::::::::::::::::::::: ill.i. ESEE s 

E3 
E:::::::::::::::::::: :::::::::::::::::::::::::::: iii:::::::::::::::::::::::::::::::::::::::::::::::::::: E. 

POINT (2) ON E3 
PARALLEL SIDE 3. 
countERCLocKWISE it:3 
ROTATION H3 filt is: 3:SS 8: iii.iii. 

Y His EEEEEEEEE t ------------------------ir-ir-ir-irrirr-i-tirrirrirrirrikirkir 
ESSESSEE 

...s.l.i. it...iii. ill.i. ill.i. kills. 

RIGHT-HAND CORNER PORTION 
{RIGHT ANGLEX 

COUNTERCLOCKWISE ROTATION 

TRALING CORNERPORTION 
{RIGHT ANGLEX 

'COUNTERCLOCKWISE ROTATION 

MAIN SCANNING DIRECTION 

SUB SCANNING DIRECTION 

  

  

  

  



US 2009/01095O2 A1 

LEADING CORNERPORTION 

Apr. 30, 2009 Sheet 15 of 16 

FIG. 15 
{NON RIGHT ANGLEX COUNTERCLOCKWISE ROTATION 

Patent Application Publication 

H########{{##########################*-{ ###########-################################################### #########################################################?s?????????????????? ##################################################?§§?################ ###########}??No.###: ?§########! ##################§§§§§§########## ###################???#################~ 
§§§§ 

#######š??È§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§ 
RIGHT-HAND CORNERPORTION 

?a§§§§§}§§§§$$$$§§§§§§§$§§§§§?§šš¿$§§§§ #?¢?™ #?¢## #ffaeth#### ####$$$$$$$§§§§§§§§§§§§§§§§---- … 
His ssssssssssssssssssssssssssssi ######šší #########:#### #######################?¢?No.š?? ########################š§§§§§§§§§§§§§§§§§§§§§§ iii:::::::::: 

iii. 

s:::::::::: is: 

iii.3: 

3. 

KRIGHT ANGLEX 
COUNTERCLOCKWISE ROTATION 

MAIN SCANNING DIRECTION 

KRIGHT ANGLEX 
COUNTERCLOCKWISE ROTATION 

SUB SCANNING DIRECTION 

TRAILING CORNERPORTION 

  

  

  

  

  

  

  

  

  



US 2009/01095O2 A1 Apr. 30, 2009 Sheet 16 of 16 Patent Application Publication 

LEADING CORNERPORTION 
KNON RIGHT ANGLEX COUNTERCLOCKWISE ROTATION 

FIG. 16 

X 

Eas 

& 

ississi 

ERE 

E 

s 

§§ 

k sists 
s 

s 

§§ 
§§ 

--- 

§§ 

: 
agaaaaaaaaaaags 

ti -- 
- 

axa 
§§§§ §§§§§§§§§§§§§§§§ §§ §§§§§§§§§ 

- 
-- 

Ei 

§§§§§§§§ 

SES 

s s 

3 
É 
E. 
: 

: : 
sessessesssssssssssssss 

i. 

SSSaaaaa-Salaas 

COUNTERCLOCKWISE 
PARALLEL SIDE 

ROTATION 

POINT (2) ON 

YA 

RIGHT-HAND CORNERPORTION TRAILING CORNERPORTION 
KNON RIGHT ANGLEX 

COUNTERCLOCKWISE ROTATION 
KNON RIGHT ANGLEX 

'COUNTERCLOCKWISE ROTATION 

MAIN SCANNING DIRECTION 

SUB SCANNING DIRECTION 

  

  

  

  

  

  

  

  

    

  

      

  



US 2009/01 09502 A1 

IMAGE PROCESSINGAPPARATUS, IMAGE 
SCANNINGAPPARATUS, AND IMAGE 

PROCESSING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
119 to Japanese Patent Application No. 2007-278877, filed 
on Oct. 26, 2007, which application is hereby incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention primarily relates to an image 
processing apparatus that automatically detects inclination of 
image data acquired by Scanning an original document. 
0004 2. Description of the Related Art 
0005. In an image scanner apparatus, for example, a 
copier, a facsimile machine, an Optical Character Reader 
(OCR), or other Suitable image scanner apparatus, when an 
original document is scanned in an inclined State, an inclined 
image is acquired, thereby deteriorating an image quality. In 
order to prevent such deterioration, an image scanning appa 
ratus has been Suggested which includes an image processing 
apparatus arranged to automatically detect an inclination 
angle of the original document by analyzing image data, and 
to electronically adjust the inclination by performing a pro 
cess of rotating the image databased on the acquired inclina 
tion angle. 
0006 For example, an inclination extracting apparatus 
that can increase the speed of an inclination extracting pro 
cess by including a pixel position detecting unit, a local mini 
mum point extracting unit, and an inclination extracting unit 
is well known. In Such an apparatus, the pixel position detect 
ing unit scans acquired image data in one direction and 
detects, with respect to each scan line, a position of a charac 
ter pattern starting edge pixel that is detected in a prescribed 
order sequentially counted on the scan line. The local mini 
mum point extracting unit extracts a position of a pixel that is 
a minimum of the starting edge pixels detected with respect to 
each scan line. The inclination extracting unit extracts the 
inclination of an information medium based on the position of 
the extracted minimum pixel. 
0007. In order to easily and effectively detect the inclina 
tion of a scanned image, after the Scanned image is stored in 
an image memory by a scanning unit, such as an image 
scanner, another well-known apparatus extracts consecutive 
black pixel components by Scanning the scanned image and 
detects inclination of the Scanned image by using the height 
and width, for example, of a circumscribed rectangle of the 
consecutive black pixel components. 
0008. However, in the above-described configuration of 
the inclination extractingapparatus, when the pixel that forms 
a character pattern cannot be detected, the inclination cannot 
be detected. Similarly, in the above-described configuration 
of the other well-known apparatus, when the consecutive 
black pixel components cannot be detected, the inclination 
cannot be detected. 
0009. In each configuration described above, when an 
original document having an inclined text due to its design, 
for example, or an original document having a slant line is 
scanned, even if Such original documents are properly posi 
tioned, the inclination is incorrectly detected at the time of 
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scanning, and the image data may be unintentionally rotated. 
Therefore, an image processing apparatus that can properly 
correct the inclination regardless of the content of an original 
document is desirable. Moreover, when the original docu 
ment is not in good condition, such as when a corner portion 
of the original document is dog-eared, torn, curled up, 
twisted, or wrinkled, for example, it is difficult to position 
these types of documents accurately on the apparatus to Scan 
them. Therefore, an image processing apparatus has been 
desired that can properly correct the inclination even in the 
above-described cases. 

SUMMARY OF THE INVENTION 

0010. To overcome the problems described above, pre 
ferred embodiments of the present invention provide an 
image processing apparatus, an image Scanning apparatus, 
and an image processing method. 
0011. According to a first preferred embodiment of the 
present invention, an image processing apparatus includes an 
edge pixel acquiring unit, a feature point detecting unit, a 
status acquiring unit, and an inclination calculating unit. The 
edge pixel acquiring unit acquires, with respect to each line of 
image data acquired by Scanning an original document, posi 
tions of a first edge pixel and a second edge pixel that are 
positioned at a boundary between the original document and 
a background. The feature point detecting unit detects a fea 
ture point of an outline of the original document based on the 
feature of the position of at least one of the first edge pixel and 
the second edge pixel of a plurality of lines. Based on the 
feature of the position of at least one of the first edge pixel and 
the second edge pixel of the line including a position of the 
feature point or of the line that is in the vicinity of the line 
including a position of the feature point, the status acquiring 
unit acquires, with respect to each feature point, a status 
indicating that the original document is not inclined, a status 
indicating that the document is inclined towards one side, or 
a status indicating that the document is inclined towards the 
other side. The inclination calculating unit counts the statuses 
of a plurality of feature points, acquires the most counted 
status, selects two feature points from the feature points hav 
ing the status that matches the most counted status, and cal 
culates a value regarding the inclination of the original docu 
ment from the positions of the two selected feature points. 
0012. The status of “no inclination' includes a status that 
means that no rotation is required. The status of “inclination 
towards one (or the other) side' includes a status that means 
that the document should be rotated in a direction that corrects 
the inclination. 
0013. In the above-described configuration, since the 
inclination is detected based on an outline feature of the 
original document, and not on the content of the original 
document, the inclination of the original document can be 
directly and accurately detected. Furthermore, since the incli 
nation is detected based on a comprehensive determination 
using the feature points of an outline and statuses thereof of 
the original document, the inclination of the original docu 
ment can be accurately detected, and the inclination of origi 
nal documents having various shapes including a non-rectan 
gular original document (Such as an original document 
having a non-straight side) can be properly detected. 
0014. The inclination calculating unit preferably selects, 
in accordance with a predetermined priority order, two fea 
ture points from the feature points having the status that 
matches the most counted Status. 
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0015. By properly predetermining the priority order, the 
accuracy of inclination detection can be further improved. In 
particular, even when a corner portion or other portion of the 
original document is, for example, dog-eared, torn, curled up, 
twisted, or wrinkled or otherwise damaged, the inclination 
can be properly detected. Moreover, since the process of 
selecting the feature points can be simplified, a processing 
time for the inclination detection can be reduced. 
0016. The feature point detecting unit can preferably 
detect the corner portion of the original document as the 
feature point. 
0017. By using the corner portion of the original document 
as the feature point, two Sufficiently separated feature points 
can be selected for the inclination calculation, and a value 
representing the inclination of the original document can be 
accurately detected. 
0.018. The image processing apparatus according to pre 
ferred embodiments of the present invention preferably per 
forms the following functions. (1) When the corner portion of 
the original document is detected as the feature point, the 
feature point detecting unit determines whether or not an 
angle of the corner portion is approximately a right angle 
based on the position of at least one of the first edge pixel and 
the second edge pixel. (2) When the angle of the corner 
portion is not a right angle, the inclination calculating unit 
excludes the feature point thereof, counts the statuses, and 
then, after excluding the corner portion from the feature 
points having the status that matches the most counted Status, 
the inclination calculating unit selects the two feature points. 
0019. Since the calculation of the value regarding the 
inclination based on the non-right-angle corner portion can be 
prevented, erroneous detection of the inclination can be pre 
vented. 
0020 Preferably, the feature point detecting unit can 
acquire, as the feature points, at least two points that are 
positioned on one of parallel sides that face each other on each 
side in a longitudinal direction of a line, the two points being 
positioned on a portion other than the corner portion of the 
original document. 
0021 Even when an original document having an irregular 
shape (such as an original document having a round-cornered 
rectangular shape, a non-rectangular shape, or a non-square 
shape, for example) is scanned, as long as the document 
includes a parallel side, the inclination of the original docu 
ment can be properly detected based on the two feature points 
that are positioned on the parallel side. For example, an origi 
nal written document is often dog-eared, torn, curled up or 
otherwise damaged at its corner portion after a lapse of a 
period of time from its creation. However, even in Such cases, 
the inclination can be properly detected based on a parallel 
side. Moreover, even when a sheet of an original document is 
crumpled up and then Smoothed out, and thus has an irregular 
shape, if a portion of a parallel side is detected at one portion 
of the original document, the inclination can be detected with 
constant accuracy based on the detected parallel side. 
0022. In the image processing apparatus, when the most 
counted Status cannot be acquired, the inclination calculating 
unit preferably calculates the value regarding the inclination 
of the original document from the positions of the two feature 
points positioned on one of the parallel sides of the original 
document. 

0023 Thus, even when it is difficult to detect an accurate 
position of a corner portion of an original document having, 
for example, a round corner, as long as the document has a 
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parallel side, the inclination of the original document can be 
properly detected based on the parallel side. Accordingly, the 
inclination detection can be performed with high versatility. 
0024. According to a second preferred embodiment of the 
present invention, an image Scanning apparatus including the 
image processing apparatus includes an image scanning unit 
arranged to acquire image data by Scanning an original docu 
ment, and a rotation processing unit arranged to perform a 
rotation process on the image data so as to correct inclination 
thereof. 
0025. With respect to the image data scanned by the image 
scanning unit, the inclination of the original document can be 
accurately detected and corrected based on a comprehensive 
determination using a plurality of feature points and statuses 
thereof. Moreover, the inclination of an original document 
having a wide width can be properly corrected. 
0026. In the image scanning apparatus according to this 
preferred embodiment of the present invention, the edge pixel 
acquiring unit of the image processing apparatus preferably 
acquires the positions of the first edge pixel and the second 
edge pixel in each line arranged along a main scanning direc 
tion of the image scanning unit. 
0027. The position of the edge pixel can be preferably 
acquired while data of the pixels consecutively input in the 
main scanning direction at the time of Scanning are sequen 
tially processed. Accordingly, since storing of the data in a 
memory and the Scanning process can be omitted, the pro 
cesses can be simplified, and the time required for the incli 
nation of the scanned image to be detected can be reduced. 
0028. In the image scanning apparatus according to this 
preferred embodiment of the present invention, the image 
scanning unit preferably includes a flatbed unit. 
0029. In the above-described configuration, even when the 
original document is not positioned in a proper or straight 
ened State on the flatbed unit, an image that is corrected in a 
normal direction by the inclination calculating unit and the 
rotation processing unit can be acquired. Accordingly, the 
original document may be positioned on the flat bed unit in 
any direction and scanned, thereby facilitating operational 
performance. 
0030. Other features, elements, processes, steps, charac 
teristics and advantages of the present invention will become 
more apparent from the following detailed description of 
preferred embodiments of the present invention with refer 
ence to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is a front sectional view illustrating an entire 
configuration of an image scanner apparatus according to a 
preferred embodiment of the present invention. 
0032 FIG. 2 is a block diagram illustrating an electrical 
configuration of the image scanner apparatus shown in FIG. 
1. 

0033 FIG. 3 is a flowchart representing a main routine of 
an inclination detecting process executed by an inclination 
detecting unit according to a preferred embodiment of the 
present invention. 
0034 FIG. 4 illustrates original document pixels detected 
from image data according to a preferred embodiment of the 
present invention. 
0035 FIG. 5 is a flowchart of a sub routine according to a 
preferred embodiment of the present invention in which a 
leading corner portion of an original document is detected. 
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0036 FIG. 6 illustrates a process of detecting the leading 
corner portion of the original document according to a pre 
ferred embodiment of the present invention. 
0037 FIG. 7 is a flowchart of a sub routine according to a 
preferred embodiment of the present invention in which a 
left-hand corner portion of the original document is detected. 
0038 FIG. 8 illustrates a process of detecting the left-hand 
corner portion of the original document according to a pre 
ferred embodiment of the present invention. 
0039 FIG. 9 is a flowchart of a sub routine according to a 
preferred embodiment of the present invention in which a 
parallel side of the original document is detected. 
0040 FIG. 10 illustrates a process of detecting the parallel 
side of the original document according to a preferred 
embodiment of the present invention. 
0041 FIG. 11 is a flowchart of a sub routine according to 
a preferred embodiment of the present invention in which a 
trailing corner portion of the original document is detected. 
0042 FIG. 12 illustrates an example offeature points of an 
outline detected with respect to a rectangular original docu 
ment and an example of the statuses of the feature points 
according to a preferred embodiment of the present invention. 
0043 FIG. 13 illustrates an example of a priority order by 
which two feature points used to calculate inclination are 
selected according to a preferred embodiment of the present 
invention. 
0044 FIG. 14 illustrates an inclination detecting process 
according to a preferred embodiment of the present invention 
performed when the left-hand corner portion of the original 
document is dog-eared and torn. 
0045 FIG. 15 illustrates an inclination detecting process 
according to a preferred embodiment of the present invention 
performed when the leading corner portion of the original 
document is Substantially dog-eared. 
0046 FIG. 16 illustrates an inclination detecting process 
according to a preferred embodiment of the present invention 
performed when the original document has a non-square 
shape. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0047 Preferred embodiments of the present invention will 
be described with respect to FIGS. 1-16. FIG. 1 is a front 
sectional view illustrating an entire configuration of an image 
scanner apparatus according to a preferred embodiment of the 
present invention. 
0048. As illustrated in FIG. 1, an image scanner apparatus 
101 defining an image scanning apparatus includes an image 
scanning unit 115 having an Auto Document Feeder (ADF) 
unit and a flatbed unit. 
0049. A detailed description thereof will be provided 
below. The image scanner apparatus 101 includes an original 
document table 103 having a platen glass 102 on which an 
original document is placed, and an original document table 
cover 104 arranged to maintain the original document in an 
orientation Such that the document is pressed against the 
platen glass. The image scanner apparatus 101 also includes 
an operation panel (not illustrated) to commence the start of 
original document scanning, or other Suitable operations. A 
pressing pad 121 that presses the original document down 
ward is preferably attached to a lower surface of the original 
document table cover 104 such that the pad 121 faces the 
platen glass 102. 
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0050. The original document table cover 104 preferably 
includes an ADF device 107. The ADF device 107 preferably 
includes an original document tray 111 arranged on an upper 
portion of the original document table cover 104 and a dis 
charge tray 112 arranged below the original document tray 
111. 
0051. As illustrated in FIG. 1, a curved original document 
transportation path 113 that links the original document tray 
111 to the discharge tray 112 is preferably arranged inside the 
original document table cover 104. The original document 
transportation path 113 preferably includes a pick up roller 
51, a separation roller 52, a separation pad 53, a transportation 
roller 55, and a discharge roller 58. 
0.052 The pickup roller 51 picks up the original document 
placed on the original document tray 111, and the separation 
roller 52 and the separation pad 53 separate the picked up 
original document one sheet at a time. The transportation 
roller 55 transports the separated original document to an 
original document scanning position P. and the discharge 
roller 58 discharges the scanned original document onto the 
discharge tray 112. A pressing member 122 facing the platen 
glass is preferably arranged at the original document scan 
ning position P. 
0053. In the above-described configuration, the original 
documents stacked and placed on the original document tray 
111 are separated one sheetata time and transported along the 
curved original document transportation path 113. Then, after 
the original document passes through the original document 
scanning position P and is scanned by a scanner unit 21, 
which will be described below, the document is discharged on 
the discharge tray 112. 
0054 As illustrated in FIG. 1, the scanner unit 21 is 
arranged inside the original document table 103. The scanner 
unit 21 preferably includes a carriage 30 that is movable 
inside the original document table 103. 
0055. The carriage 30 preferably includes a fluorescent 
lamp 22 as a light source, reflection mirrors 23, a condenser 
lens 27, and a Charge Coupled Device (CCD) 28. The fluo 
rescent lamp 22 irradiates light to the original document. 
After the light reflected from the original document is 
reflected by the plurality of reflection mirrors 23, the light 
passes through the condenser lens 27, converges, and forms 
an image on a front surface of the CCD 28. The CCD 28 
converts the irradiated and converged light into an electrical 
signal and outputs the signal. 
0056. In the present preferred embodiment of the present 
invention, the CCD 28 is preferably a 3-line color CCD. The 
CCD 28 includes a one-dimensional line sensor with respect 
to each color of Red, Green, and Blue (RGB). Each of the line 
sensors Substantially extends in a main scanning direction 
(i.e., a width direction of an original document). The CCD 28 
also preferably includes different color filters that correspond 
to each line sensor. 
0057. A driving pulley 47 and a driven pulley 48 are pref 
erably rotationally supported inside the original document 
table 103. An endless drive belt 49 is preferably arranged 
between the driving pulley 47 and the driven pulley 48 in a 
tensioned state. The carriage 30 is fixed to a proper position of 
the drive belt 49. In the above-described configuration, by 
forwardly and reversely driving the driving pulley 47 using an 
electric motor (not illustrated), for example, the carriage 30 
can travel horizontally along a Sub Scanning direction. 
0058. In the above-described configuration, when the car 
riage 30 is disposed ahead of a position that corresponds to the 
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original document scanning position P, the ADF 107 is driven. 
Accordingly, the original document to be transported in the 
original document transportation path 113 is scanned at the 
original document scanning position P. The reflection light, 
which is irradiated from the fluorescence lamp 22 and 
reflected by the original document, is introduced into the 
carriage 30, directed to the CCD 28 by the reflection mirrors 
23, via the condenser lens 27, and forms an image. Thus, the 
CCD 28 can output an electrical signal that corresponds to the 
scanned content. 
0059. When using a flatbed scanner, while the carriage 30 

is moved at a prescribed speed along the platen glass 102, an 
original document placed on the platen glass 102 is scanned. 
The reflection light from the original document is similarly 
introduced into the CCD 28 of the carriage 30 and forms an 
image. 
0060 FIG. 2 is a block diagram of the image scanner 
apparatus 101. As illustrated in FIG. 2, in addition to the 
scanner unit 21, the image scanner apparatus 101 preferably 
includes a Central Processing Unit (CPU) 41, a Read Only 
Memory (ROM) 42, an image processing unit 43, an image 
memory 66, an inclination detecting unit 67, an inclination 
correcting unit 68, a code converting unit 69, and an output 
control unit 70. 

0061. The CPU 41 functions as a control unit that controls, 
for example, the scanner unit 21, the inclination detecting unit 
67, the inclination correcting unit 68, and the output control 
unit 70 which are included in the image scanner apparatus 
101. Programs and data, or other suitable control elements, 
are stored in the ROM 42 which defines a storage unit. 
0062. The scanner unit 21 preferably includes an Analog 
Front End (AFE) 63. The AFE 63 is connected with the CCD 
28. At the time of scanning the original document, the line 
sensor of each color of RGB included in the CCD 28 scans 
one line of the original document content by scanning in the 
main scanning direction, and the signal of each line sensor is 
converted from an analog signal into a digital signal by the 
AFE 63. By this main scanning, pixel data of one line is 
output as a tone value of each color of RGB from the AFE 63. 
By repeating the above-described process while the original 
document is being transported through the original document 
scanning position, or the carriage 30 is moved in the Sub 
scanning direction of the flat bed, image data of the entire 
original document can be acquired as digital signals. 
0063. The scanner unit 21 includes an image processing 
unit 65, and the digital signals of the image data output from 
the AFE 63 are input into the image processing unit 65. The 
image processing unit 65 preferably performs shading cor 
rection on the pixel data input line by line with respect to each 
main scanning operation, and corrects scanned unevenness 
that arises from an optical system of the scanner unit 21. The 
image processing unit 65 preferably performs, on the pixel 
data, correction that corrects color shift caused by line gaps of 
the line Sensor of each color of RGB in the CCD 28. 
0064. The image memory 66 stores images scanned by the 
scanner unit 21. After a well-known image processing 
method (such as filter processing) is performed in the image 
processing unit 43, the image data scanned by the scanner unit 
21 is input into the image memory 66 where it is stored. 
0065. The image scanner apparatus 101 includes an incli 
nation detecting unit (image processing apparatus) 67 
arranged to detect the inclination of the original document 
scanned by the CCD 28. When the image data is input line by 
line from the image processing unit 65 of the scanner unit 21, 
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the inclination detecting unit 67 preferably performs a pro 
cess of analyzing the image data and detects the inclination 
(i.e., an angle to be rotated to correct the inclination) of the 
original document. 
0066. The inclination detecting unit 67 includes, for 
example, an edge pixel acquiring unit 71, a feature point 
detecting unit 72, a status acquiring unit 73, and an inclination 
calculating unit 74. 
0067. Each time the image data is input line by line from 
the scanner unit 21, the edge pixel acquiring unit 71 prefer 
ably acquires, with respect to each line, a position of an edge 
pixel positioned at an outline portion (in other words, a 
boundary between the original document and a background) 
of the original document. 
0068. The feature point detecting unit 72 can store the 
positions of the edge pixels of a prescribed number of lines, 
the edge pixels being acquired by the edge pixel acquiring 
unit 71. Based on features of the positions of the edge pixels 
of the plurality of lines, feature points related to an outline of 
the original document are detected, and positions of the fea 
ture points can be acquired. In the present preferred embodi 
ment, the “feature point” refers to a point that is positioned at 
a graphic characteristic portion of the outline of the original 
document, such as the top of a corner portion of the original 
document. 
0069. The status acquiring unit 73 checks the positions of 
the edge pixels of the line including the feature points 
acquired by the feature point detecting unit 72 or of the line 
that is in the vicinity of the previous line. Based on the 
checked result, the status acquiring unit 73 preferably 
acquires a status of the original document that indicates 
whether the original document is not inclined, is inclined 
towards one side, or is inclined towards the other side. 
0070 Preferably, the inclination calculating unit 74 counts 
the status of each feature point and acquires the most com 
monly counted Status, selects two feature points from the 
feature points that have a status that matches the most com 
monly counted Status, calculates and acquires a value (i.e., a 
parameter that expresses the inclination, and, in the present 
preferred embodiment of the present invention, refers to a 
tangent value) regarding the inclination of the original docu 
ment from the positions of the selected feature points. 
0071. An inclination detecting process performed by the 
above-described edge pixel acquiring unit 71, feature point 
detecting unit 72, status acquiring unit 73, and inclination 
calculating unit 74 will be described in detail below. 
0072 Based on the inclination (tangent value) acquired by 
the inclination detecting unit 67, the inclination correcting 
unit 68 performs a rotation process at the time of reading the 
image data stored in the image memory 66, and electronically 
corrects the inclination of the original document. 
0073. The code converting unit 69 encodes the image data 
stored in the image memory 66 by performing a well-known 
compression process, such as, a Joint Photographic Experts 
Group (JPEG), for example. 
0074 The output control unit 70 transmits the encoded 
image data to, for example, a personal computer (not illus 
trated) defining a higher-level device connected with the 
image scanner apparatus 101. A transmission method may be 
selected and includes, for example, a method that uses a Local 
Area Network (LAN) and a method that uses a Universal 
Serial Bus (USB). 
0075. In the present preferred embodiment of the present 
invention, the image processing unit 65, the inclination 
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detecting unit 67, the inclination correcting unit 68, the code 
converting unit 69, or other suitable units, are implemented 
by using hardware such as, Application Specific Integrated 
Circuits (ASIC) or a Field Programmable Gate Array 
(FPGA), for example. The image processing unit 65 and the 
inclination detecting unit 67, or other suitable units, may be 
implemented by a combination of the CPU 41 and various 
programs, for example. 
0076 Next, a process of detecting the inclination of the 
original document performed by the inclination detecting unit 
67 according to a preferred embodiment of the present inven 
tion will be described with reference to the flowchart of FIG. 
3. FIG.3 represents a main routine of the inclination detecting 
process. 

0077. When the main routine of FIG. 3 is started, the 
inclination detecting unit 67 inputs the pixel data of one line 
output by the image processing unit 65 (S101). Then, a pro 
cess of detecting an original document pixel and a back 
ground pixel is performed based on the input pixel data of one 
line (S102). 
0078. In the present preferred embodiment of the present 
invention, the detecting process of the original document 
pixel and the background pixel is preferably performed as 
follows. A white sheet (i.e., a platen sheet) that is preferably 
brighter than a normal sheet of paper is attached to a front 
Surface of the pressing pad 121 and the pressing member 122 
(FIG. 1), and arranged on the opposite side from the original 
document to be scanned. Accordingly, in the image data 
scanned by the CCD 28, a background portion of a surround 
ing area of the original document preferably has higher lumi 
aCC. 

007.9 Thus, in the process of S102, image processing that 
calculates luminance (Y component) from RGB components 
of the pixel data is performed in accordance with a well 
known expression. When the calculated luminance is greater 
than or equal to a prescribed threshold value, a binarization 
process that determines that a pixel is a background pixel is 
performed, and when the calculated luminance is below the 
threshold value, a binarization process that determines a pixel 
as the original document pixel is performed. In the present 
preferred embodiment of the present invention, “0” refers to 
the background pixel, and “1” refers to the original document 
pixel. 
0080. In view of detection accuracy of the original docu 
ment pixel and the background pixel, proper image process 
ing, Such as shading correction and gamma correction may 
preferably be performed on the original image data before the 
process of S102 is performed. In the shading correction, the 
original document can be easily distinguished from the back 
ground by a process of adding a prescribed value of white 
shading data to generate a value that is brighter than a normal 
value. Alternatively, a black pressing pad 121 and a pressing 
member 122 could be used, and the original document can be 
distinguished from the background by determining black pix 
els scanned at an edge portion side of the main scanning 
direction as being the background pixels. When the image 
scanner apparatus 101 is used as a flat bed scanner, and an 
original document from, for example, a book is scanned in a 
state in which the original document table cover 104 is open, 
the black pixels scanned around the edge portion of the main 
scanning direction may similarly be determined as the back 
ground pixels. 
0081. Accordingly, as illustrated in FIG. 4, an original 
document area can be determined from the image data. In 
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FIG. 4, each box of the finely separated grid indicates one 
pixel, each blank box indicates a background pixel, and each 
shaded box indicates an original document pixel. In FIG.4, a 
direction “X” indicates the main scanning direction, and a 
direction “Y” indicates the sub scanning direction. 
I0082 In FIG.4, the entire image data is illustrated so as to 
easily recognize an entire area of the original document pix 
els, however, the detection process of the original document 
pixels and the background pixels of S102 in FIG.3 is sequen 
tially performed pixel by pixel along a line in the same direc 
tion as the main scanning direction. In the following descrip 
tion, a situation will be described in which a rectangular 
original document is transported in an oblique state by the 
ADF unit, Scanned by the scanner unit 21, and as result, a 
rectangular image that is slightly rotated in a counterclock 
wise direction from a proper position is acquired as an origi 
nal document pixel area. When the rectangular original docu 
ment is obliquely placed on the platen glass 102 of the flatbed 
scanner unit, the image inclined as illustrated in FIG. 4 is also 
acquired as the original document pixel area. At the inclina 
tion detecting unit 67, the image data is processed line by line 
from an upper edge thereof, as shown FIG. 4, and a line of a 
lower edge is processed last. 
I0083. As described above, in the process of S102 of FIG. 
3, the pixels are processed one pixel at a time from one edge 
to the other edge (from the left edge to the right edge) of each 
line. Each time the process of S102 is performed on one pixel, 
a change in the data after the binarization is checked (S103). 
In the process of S103, when the pixels are sequentially 
processed from the left edge with respect to each line, the 
pixel of “1” at a position at which the pixel is changed from 
“0” to “1” first after the binarization (in other words, from the 
background to the original document) is recognized as a first 
edge pixel (a left edge pixel). The pixel that was “1” at a 
position at which the pixel is changed from “1” to “0” last 
after the binarization (in other words, from the original docu 
ment to the background) is recognized as a second edge pixel 
(a right edge pixel). 
I0084. The two edge pixels (the left edge pixel and the right 
edge pixel) acquired as described above indicate the bound 
ary between the original document and the background (i.e., 
the outline of the original document) on the respective line. In 
the process of S103, the positions of the left edge pixel and the 
right edge pixel are properly stored in the memory defining a 
proper storage unit. 
I0085. The inclination detecting unit 67 of the present pre 
ferred embodiment of the present invention can store the 
positions of the two acquired edge pixels of the currently 
processed line, and the positions of each of the two acquired 
edge pixels of the immediately previously processed eight 
lines, that is, the positions of each of the two acquired edge 
pixels of the nine lines in total. In FIG.4, reference symbol S1 
refers to the line that is processed at a particular moment, and 
S2 through S9 refer to the immediately previously processed 
eight lines. Moreover, fine hatching is performed on the grids 
that correspond to the positions of left edge pixels 12L and of 
right edge pixels 12R. 
I0086. After the detection process of the edge pixels, based 
on features of the positions of the left pixels 12L and the right 
edge pixels 12R of the nine lines, feature points (for example, 
the top of a corner portion of the original document) regarding 
the outline of the original document are detected (S104). 
I0087. Now, with reference to FIG. 5, a process of detecting 
a corner portion (i.e., a leading corner portion) positioned on 
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a leading side of the original document will be described as 
the first example of a specific process in which the feature 
points are detected. The flow of FIG. 5 represents one sub 
routine executed in the process of S104 of FIG. 3. 
0088. In the sub routine of FIG.5, in the nine lines from the 
line that was processed earliest to the line that is currently 
processed, as the past line comes closer line by line to the new 
line, each of the left edge pixels are consecutively checked to 
determine whether they stay at the same position or move 
towards the left (S201). If the above-described conditions are 
not met, it is determined that the leading corner portion has 
not been detected, and the sub routine is ended. 
0089. If the conditions are met, as the earliest processed 
line comes closer line by line to the currently processed line, 
it is checked whether each of the right edge pixels are con 
secutively checked to determine whether they stay at the same 
position or move towards the right (S202). If the conditions of 
S202 are met, the leading corner portion is recognized 
(S203). If the conditions are not met, it is determined that the 
leading corner portion has not been detected, and the Sub 
routine is ended. 

0090. The determinations made in S201 and S202 will be 
described in detail with reference to FIG. 6. The line S1 that 
is currently processed is illustrated in FIG. 6, and it is 
assumed that, as a result of the process of S103 of FIG. 3, the 
positions of the left edge pixel L1 and the right edge pixel R1 
have been acquired as illustrated in FIG. 6. It is also assumed 
that, in the processes performed on the previously processed 
eight lines, the positions of the left edge pixels L2 through L9 
and the right edge pixels R2 through R9 are acquired and 
stored. 

0091. In this case, in the process of S201 of FIG. 5, in an 
area of the nine lines, as the previous line comes closer line by 
line to the new line, it is determined whether each of the left 
edge pixels stays at the same position or moves towards the 
left. 
0092. For example, in FIG. 6, as the earliest processed line 
S9 shifts to a newer line S8, the position of the left edge pixel 
moves from L9 to L8 in a direction that comes closer to a left 
edge. As is the same in the cases in which the line S8 shifts to 
the line S7, the line S2 shifts to the currently processed line S1 
(L8 through L1). Accordingly, in the case of FIG. 6, it is 
determined that the conditions of S201 of FIG. 5 are met. 

0093. In the process of S202, in the area of the nine lines, 
as the past line comes closer line by line to the new line, it is 
determined whether each of the right edge pixels stays at the 
same position or moves towards the right. 
0094. In the example of FIG. 6, as the earliest processed 
line S9 shifts to the new line S8, the position of the right edge 
pixel moves from R9 to R8 in a direction that comes closer to 
a right edge. When the line S8 shifts to the line S7, it is 
obvious from R8 and R7 that the right edge pixel stays at the 
same position. When the line S7 shifts to the line S6, and 
when the line S6 shifts to the line S5, each of the right edge 
pixels stays at the same position (R7 through R5). When the 
line S5 shifts to the currently processed line S4, the right edge 
pixel from R5 to R4 moves in a direction that comes close to 
the right edge. When the line S4 shifts to the line S3, and when 
the line S3 shifts to the line S2, each of the right edge pixels 
stays at the same position. When the line S2 shifts to the 
currently processed line S1, the right edge pixel moves from 
R2 to R1 in the direction that comes closer to the right edge. 
Accordingly, in the case of FIG. 6, it is determined that the 
conditions of S202 of FIG. 5 are met. 
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0.095 Accordingly, in the example of FIG. 6, the sub rou 
tine proceeds to the process of S203, and the leading corner 
portion of the original document is recognized. More specifi 
cally, the position of the original document pixel on the line 
S9 that is processed earliest is recognized as the position of 
the leading corner portion. In FIG. 6, since there is only one 
original document pixel on the line S9, the pixel is recognized 
as the leading corner portion (refer to the blackened grid). The 
detected position of the leading corner portion of the original 
document is properly stored in the memory. 
0096. When the leading corner portion of the original 
document is detected as described above, it is then deter 
mined in the process of S204 of FIG. 5 whether or not the 
corner portion has approximately a right angle. 
0097. The determination of the right angle is made based 
on the features of the positions of the left edge pixels and the 
right edge pixels of the nine lines. More specifically, a dis 
tance DLX by which the left edge pixel moves from the 
earliest processed line S9 to the current line S1 towards a left 
edge side and a distance DRX by which the right edge pixel 
moves from the earliest processed line S9 to the current line 
S1 towards a right edge side are calculated. 
0098. When the “DLX-DRx, it is checked whether or not 
a distance DL by which the left edge pixel moves towards the 
left edge side while the earliest processed line S9 shifts to the 
next line by DRX lines substantially equals about 8. When the 
distance DL substantially equals about 8, it is determined that 
the corner portion has a right angle. When the distance DL 
does not substantially equal about 8, it is determined that the 
corner portion does not have a right angle. 
0099. When the “DLX-DRx, it is checked whether or not 
a distance DR by which the right edge pixel moves towards 
the right edge side while the earliest processed line S9 shifts 
to the new line by DLX lines substantially equals about 8. 
When the distance DR substantially equals about 8, it is 
determined that the corner portion has a rightangle. When the 
distance DR does not substantially equal about 8, it is deter 
mined that the corner portion does not have a right angle. 
0100. In the example of FIG. 6, while the earliest pro 
cessed line S9 shifts to the current line S1, the left edge pixel 
moves 42 pixels towards the left edge side, and the right edge 
pixel moves 2 pixels towards the right edge side (refer to the 
positions of L9, L1, R9, and R1). Accordingly, since the 
“DLX=42 and the “DRx=2, the “DLX>DRx. While the 
earliest processed line S9 shifts to the new line S7 by two 
lines, the left edge pixel moves from the line S9 to the line L7 
by 8 pixels towards the left edge side, and “DL=8. Accord 
ingly, in the example of FIG. 6, it is determined in the process 
of S204 of FIG. 5 that the leading corner portion is substan 
tially perpendicular. 
0101. In the process of S205, the status regarding the 
direction of the original document is acquired. The status 
indicates whether the original document is not inclined, the 
document is rotated in a clockwise direction, or the document 
is rotated in a counterclockwise direction. In addition to the 
process described above, the status preferably indicates 
whether the original document is not required to be rotated, 
the document is required to be rotated in the counterclock 
wise direction, or the document is required to be rotated in the 
clockwise direction. 
0102 More specifically, when the distances DLX and DRX 
satisfy the relationship of “DLX-DRx', the rotation in the 
counterclockwise direction is determined, and when the dis 
tances DLX and DRX satisfy the relationship of “DLX-DRX'. 
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the rotation in the clockwise direction is determined. When 
the “DLX=0 and the “DRx=0, it is determined that the 
document is not inclined. 
(0103) In the example of FIG. 6, since the “DLXcDRx’, it 
is determined in S205 of FIG.5 that the image is rotated in the 
counterclockwise direction. Accordingly, in the process of 
S205, the status of "counterclockwise rotation' is stored in a 
proper memory in association with the position of the leading 
corner portion acquired in the process of S203. 
0104) Next, with reference to FIG. 7, a process of detect 
ing a corner portion (left-hand corner portion) that is posi 
tioned on a left side of the original document will be described 
as the second example of a specific example in which feature 
points are detected. Similar to the flow of FIG. 5, the flow of 
FIG.7 represents one sub routine executed in S104 of FIG.3. 
0105. When the sub routine of FIG. 7 is executed, firstly, in 
the nine lines, positions of the left edge pixels of the five lines 
from the line S9 that was processed in the earliest processed 
time to the line S5 that is the center line are checked (S301). 
More specifically, in the lines of S9 through S5, as the earliest 
processed line comes close line by line to the new line, it is 
checked whether each of the left edge pixels stays at the same 
position or moves towards the left. When these conditions are 
not met, it is determined that the left-hand corner portion has 
not been detected, and the sub routine is ended. 
0106 When the conditions of S301 are met, the positions 
of the right edge pixels of the five lines from the center line S5 
to the currently processed line S1 are checked (S302). More 
specifically, in the lines of S5through S1, as the previous line 
comes closer line by line to the new line, it is checked whether 
each of the left edge pixels stays at the same position or moves 
towards the right. When these conditions are met, the left 
hand corner portion is recognized (S303). When the condi 
tions are not met, it is determined that the left-hand corner 
portion has not been detected, and the Sub routine is ended. 
01.07 The determinations made in S301 an S302 will be 
described in detail with reference to FIG. 8. In FIG. 8, the 
currently processed line S1 is illustrated. It is assumed that the 
position of the left edge pixel L1 is acquired as illustrated in 
FIG.8 in the process of S103 of FIG.3. It is also assumed that 
the positions of the left edge pixels L2 through L9 are 
acquired and stored in the processes performed on the previ 
ously processed eight lines. 
0108. In this case, as described above, in the process of 
S301 of FIG. 7, in the area of the five lines from S9 to S5, as 
the past line comes closer line by line to the new line, it is 
checked whether each of the left edge pixels stays at the same 
position or moves towards the left. 
0109. In FIG. 8, for example, as the earliest processed line 
S9 shifts to the new line S8, the position of the left edge pixel 
moves from L9 to L8 in a direction that comes closer to the 
left edge. It is the same in the cases in which the line S8 shifts 
to the line S7, the line S6 shifts to the line S5 (L8 through L5). 
Accordingly, in the case of FIG. 8, it is determined that the 
conditions of S301 of FIG. 7 are met. 

0110. In the process of S302, in the area of the five lines 
from S5 to S1, as the previous line comes closer line by line to 
the new line, it is determined whether each of the left edge 
pixels stays at the same position or moves towards the right. 
0111. In the example of FIG. 8, when the line S5 shifts to 
the line S4, it is obvious from L5 and L4 that the left edge 
pixel stays at the same position. When the line S4 shifts to the 
line S3, and when the line S3 shifts to the line S2, each of the 
left edge pixels stays at the same position (L4 through L2). 
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When the line S2 shifts to the currently processed line S1, the 
left edge pixel from L2 to L1 moves in a direction that comes 
closer to the right edge. Accordingly, in the case of FIG. 8, it 
is determined that the conditions of S302 of FIG. 7 are met. 

0112 Accordingly, in the example of FIG. 8, the sub rou 
tine proceeds to the process of S303, and the left-hand corner 
portion of the original document is recognized. More specifi 
cally, as illustrated in FIG. 8, the position of the left edge pixel 
L5 that is on the line S5 positioned at the approximate center 
of the nine lines is recognized as the position of the left-hand 
corner portion (refer to the blackened grid). The detected 
position of the left-hand corner portion of the original docu 
ment is stored in the proper memory. 
0113. When the left-hand corner portion of the original 
document is detected, it is determined in the process of S304 
of FIG. 7 whether or not the corner portion has a right angle. 
0114. The determination of the right angle is performed as 
follows. That is, a distance DLXaby which the left edge pixel 
moves from the earliest processed line S9 to the center line S5 
towards the left edge side is acquired. A distance DLXb by 
which the left edge pixel moves from the center line S5 to the 
currently processed line S1 towards the right edge side is also 
acquired. 
0115 Then, when the “DLXad-DLXb', it is checked 
whether or not a distance DL by which the left edge pixel 
moves towards the right edge side while the center line S5 
shifts to the old line by DLXb lines substantially equals 4. 
When the distance DL substantially equals about 4, it is 
determined that the corner portion has a rightangle. When the 
distance DL does not substantially equal about 4, it is deter 
mined that the corner portion does not have a right angle. 
0116. When the “DLXakDLXb', it is checked whether or 
not a distance DL by which the left edge pixel moves towards 
the right edge side while the center line S5 shifts to the new 
line by DLxa lines substantially equals about 4. When the 
distance DL Substantially equals about 4, it is determined that 
the corner portion has a right angle, and when the distance DL 
does not substantially equal about 4, it is determined that the 
corner portion does not have approximately a right angle. 
0117. In the example of FIG. 8, while the earliest pro 
cessed line S9 shifts to the center line S5, the left edge pixel 
moves by 19 pixels towards the left edge side (see the posi 
tions of L9 and L5). While the center line S5 shifts to the 
currently processed line S1, the left edge pixel moves by 1 
pixel towards the right edge side (see the positions of L5 and 
L1). Accordingly, since the “DLXa=19, and the “DLXb=1. 
the “DLXad-DLXb. While the center line S5 shifts to the line 
S6, since the left edge pixel moves from L5 to L6 by 4 pixels 
towards the right edge side, the “DL=4'. Accordingly, in the 
example of FIG. 8, it is determined in the process of S304 of 
FIG. 7 that the left-hand corner portion is substantially per 
pendicular. 
0118. In the process of S305, the status regarding the 
direction of the original document is acquired. More specifi 
cally, when the distances DLXa and DLXb satisfy the relation 
ship of “DLXa>DRxb’, the rotation in the counterclockwise 
direction is determined, and when the distances DLXa and 
DLXb satisfy the relationship of “DLXa-DRxb’, the rotation 
in the clockwise direction is determined. 

0119. In the example of FIG. 8, since the “DLXa>DLXb', 
it is determined that the image is rotated in the counterclock 
wise direction. Accordingly, in the process of S305, the status 
of “counterclockwise rotation' is stored in the proper 
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memory in association with the position of the left-hand 
corner portion acquired in the process of S303. 
0120 Next, with reference to FIG.9, a process of detect 
ing points on Substantially parallel sides of the original docu 
ment will be described as the third example of a specific 
process in which feature points are detected. Similar to the 
flowcharts of FIGS.5 and 7, the flowchart of FIG.9 represents 
one sub routine executed in the process of S104 of FIG. 3. 
0121. In the sub routine of FIG. 9, first, it is checked 
whether or not a distance between the left edge pixel and the 
right edge pixel in each of the nine lines is Substantially the 
same (S401). When the conditions of S401 are met, the sub 
stantially parallel sides are recognized (S402). When the con 
ditions are not met, it is determined that the substantially 
parallel sides have not been detected, and the sub routine is 
ended. 
0122 The determination made in S401 will be described 
in detail with reference to FIG. 10. In FIG. 10, the currently 
processed line S1 is illustrated. It is assumed that, as a result 
of the process of S103 of FIG. 3, the positions of the left edge 
pixel L1 and the rightedge pixel R1 are acquired as illustrated 
in FIG.10. It is also assumed that the positions of the left edge 
pixels L2 through L9 and of the right edge pixels R2 through 
R9 are acquired and stored in the processes performed on the 
immediately previously processed eight lines. 
0123. In this case, as described above, it is checked in the 
process of S401 whether or not the distance between the left 
edge pixel and the right edge pixel in each of the nine lines S1 
through S9 is the same. 
0.124 For example, in FIG. 10, it is obvious from the 
drawing that the distance between the left edge pixel and the 
right edge pixel in each of the nine lines S1 through S9 is 
substantially the same. Accordingly, in the case of FIG. 10, it 
is determined that the conditions of S401 of FIG. 9 are met. 
0.125. Accordingly, in the case of FIG. 10, the sub routine 
proceeds to the process of S402, and the substantially parallel 
sides of the original document are recognized. In the process 
of S402, an arbitrary point on one of the substantially parallel 
sides is selected and a position thereof is stored in the proper 
memory. In the present preferred embodiment of the present 
invention, the position of the left edge L1 pixel on the cur 
rently processed line S1 is stored as a feature point (refer to 
the blackened grid). The position of the right edge pixel or the 
position of any edge pixel that is on the previously processed 
lines S2 through S9 may be stored as the feature point. It is 
preferable to set both positions of the left edge pixel and the 
right edge pixel as the feature points because a feature point 
count based on the Substantially parallel sides is increased, 
thereby enhancing accuracy. 
0126. Next, in the process of S403 of FIG. 9, the status 
regarding the direction of the original document is acquired. 
More specifically, the position “L9 of the left edge pixel of 
the line S9, which was the earliest processed, is compared 
with the position “L1 of the left edge pixel of the currently 
processed line S1. When the position “L1 is closer to the left 
edge side than the position “L9, the rotation in the clockwise 
direction is determined, and when the position “L9” is closer 
to the left edge side than the position “L1, the rotation in the 
counterclockwise direction is determined. When the posi 
tions “L1 and "L9” are the same, it is determined that the 
document is not inclined. 
0127. In the example of FIG. 10, the position “L9” is 
closer to the left edge side than the position “L1. Accord 
ingly, in the process of S403, the status of "counterclockwise 
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rotation' is stored in the proper memory in association with 
the position of the point on the substantially parallel side 
acquired in the process of S402. Then, the sub routine is 
ended. 
I0128. When a substantially rectangular original document 
is scanned, a plurality of feature points is consecutively 
detected on a substantially parallel side. In order to prevent 
Such a situation, once the Substantially parallel side is 
detected, it is preferable that a prescribed number of lines will 
not be detected. The prescribed number of lines is determined 
in accordance with the resolution and accuracy of a detection 
angle, or other Suitable parameter. For example, when the 
scan resolution is 200 dpi, and the number of lines by which 
the detection of the substantially parallel side is skipped is set 
to be about 200, the feature points on the parallel side are 
detected at an interval of at least about 25.4 mm, for example. 
I0129. By executing the above-described three sub rou 
tines, the leading corner portion, the left-hand corner portion, 
and the parallel sides can be detected. In addition to the above, 
in the process of S104 of the main routine, sub routines are 
preferably executed to detect a corner portion (a trailing cor 
ner portion) positioned on a trailing side of the original docu 
ment and a corner portion (a right-hand corner portion) posi 
tioned on the right side. Description of the sub routine for 
detecting the right-hand corner portion will be omitted since 
the routine can be performed by reversing a positional rela 
tionship in the main scanning direction in the above-de 
scribed sub routine for detecting the left-hand corner portion. 
I0130. The sub routine to detect the trailing corner portion 
will be described with reference to FIG.11. In the sub routine 
of FIG. 11, first, in the eight lines from the line that was 
processed earliest to the line that is immediately before the 
current line, as the past line comes closer line by line to the 
new line, it is checked whether each of the left edge pixels 
consecutively stays at the same position or moves towards the 
right (S501). When these conditions are not met, it is deter 
mined that the trailing corner portion has not been detected, 
and the sub routine is ended. 

0131 When the conditions of S501 are met, as the earliest 
processed line comes closer line by line to the line immedi 
ately before the current line, it is checked whether each of the 
right edge pixels consecutively stays at the same position or 
moves towards the left (S502). When these conditions are not 
me, it is determined that the trailing corner portion has not 
been detected, and the sub routine is ended. 
(0132. When the conditions of S502 are met, in the cur 
rently processed line, it is checked whether or not the left edge 
pixel and the right edge pixel are detected (S503). When the 
pixels are not detected, the trailing corner portion is recog 
nized, and the position thereof is acquired and stored (S504). 
When the pixels are detected, it is determined that the trailing 
corner portion has not been detected, and the Sub routine is 
ended. 
0.133 As the line comes closer to the trailing corner por 
tion of the original document, the left edge pixel moves 
towards the right side, and the right edge pixel moves towards 
the left side. When the line passes through the trailing corner 
portion, the original document pixel is not detected. The 
processes of S501 through S504 automatically determine the 
trailing corner portion by using the features of the trailing 
corner portion. 
0.134. Next, it is determined whether or not the detected 
trailing corner portion is approximately a right angle, and a 
determination result is stored (S505). The status regarding the 
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direction of the original document is acquired and stored 
(S506). Since the processes of S505 and S506 are essentially 
similar to the detection process of the leading corner portion 
(FIG. 5), the right angle determining process (S204), and the 
direction determining process (S205), description thereof 
will be omitted. 
0135 When each of the above-described sub routines is 
ended, and the process of S104 of FIG. 3 is completed, it is 
determined whether or not the pixel data of all lines has been 
input (S105). When the input of all lines has not been com 
pleted, the process returns to the process of S101. 
0.136 Each time one line is input, the processes of S103 
and S104 are repeated until the original document scanned 
data of all lines are input by the above-described flow. 
Accordingly, by looping the processes of S101 through S104, 
the feature points indicating the leading corner portion, the 
left-hand corner portion, the trailing corner portion, the right 
hand corner portion, and the substantially parallel side of the 
original document are detected. Each time the feature point is 
detected, the position thereof, the determination result indi 
cating whether or not the corner portion has a right angle, and 
the status regarding the direction of the original document are 
stored. 
0.137 FIG. 12 illustrates an example of the positions of the 
detected feature points, and the determination of right angle 
and the status acquired with respect to each feature point. 
With respect to the substantially parallel side, two mutually 
and Sufficiently separated points (point (1) and (2) on the 
Substantially parallel side) are recognized, and each of the 
positions and statuses thereof is stored. 
0.138. When the process performed for the data of all lines 

is completed, the main routine preferably proceeds to the 
process of S106 of FIG. 3. In the process of S106, the feature 
point of the corner portion that has been determined as non 
right-angle is excluded from the feature points detected in 
S104. The excluded feature point is not used in the processes 
of S107 and S108 to be described below. In the example of 
FIG. 12, since it is determined that each of the four corner 
portions has an approximate right angle, no feature point is 
excluded. 
0139 Next, the statuses of the acquired feature points are 
counted, and the most commonly counted Status is deter 
mined (S107). In the example of FIG. 12, since the statuses of 
all feature points indicate the “counterclockwise rotation'. 
the most commonly counted Status is determined as the 
“counterclockwise rotation'. A plurality of most commonly 
counted Statuses may be determined. In Such a case, the status 
is determined in accordance with a predetermined priority 
order. 

0140. Next, in the process of S108 of FIG.3, inaccordance 
with the predetermined priority order, a combination of two 
feature points is selected from the feature points having the 
status that matches the most commonly counted Status. An 
example of the priority order is represented in FIG. 13. In the 
example, the priority order is set such that the two points of 
the separate corner portions of the original document are 
preferably higher on the priority order than the two points on 
the parallel side. Thus, the detection accuracy of the inclina 
tion can be improved. 
0141. In the example of FIG. 12, since the statuses of all 
feature points are the “counterclockwise rotation', any fea 
ture point can be selected. However, in accordance with the 
priority order of FIG. 13, the leading corner portion and the 
left-hand corner portion are preferably selected. 
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0.142 Next, the process proceeds to the process of S109 of 
FIG.3, and based on the positions of the selected two feature 
points, a value regarding the inclination of the original docu 
ment is calculated. In the present preferred embodiment of the 
present invention, based on the positions of the points of the 
selected leading corner portion and the left-hand corner por 
tion, a tangent value of an inclination angle of the original 
document is preferably acquired. However, a value of the 
inclination angle of the original document may be acquired 
based on the inclination of a straight line linking the two 
feature points, or a sine value or a cosine value may be 
calculated, for example. That is, any parameter that represents 
a degree of the inclination may be used. 
0143. In the calculating process of S107, the statuses of the 
feature points may be dispersed, and the most commonly 
counted Status may not be acquired. In Such a case, regardless 
of the status, the inclination of the original document is 
acquired based on the two points of the substantially parallel 
side if the two points on the parallel side have been acquired. 
0144. By the above-described process, similar to the 
scanned data of the CCD 28, based on the data consecutively 
output pixel by pixel with respect to each line, the parameter 
regarding the inclination of the original document can be 
calculated and acquired. Then, by sending the parameter (i.e., 
the tangent value) to the inclination correcting unit 68, an 
image rotating process of an appropriate angle can be per 
formed, and a preferable Scanned image in which the incli 
nation is electronically corrected can be acquired. 
0145. In the above-described inclination detecting pro 
cess, even if the original document is dog-eared, torn, or 
otherwise damaged, the inclination can be preferably 
detected. For example, an example of a scanned result is 
illustrated in FIG. 14 in which the left-hand corner portion of 
the original document is dog-eared and torn. In the example 
of FIG. 14, it is assumed that, when the left-hand corner 
portion is detected as the feature point, based on features of a 
shape of the dog-eared portion, it is determined that the left 
hand corner portion has an approximate right angle and that 
the status is the 'clockwise rotation'. Similar to FIG. 12, it is 
assumed that the feature points of the portions other than the 
left-hand corner portion are determined to have a right angle 
if the portions are a corner portion, and that the status of 
“counterclockwise rotation' is acquired. 
0146 In FIG. 14, one feature point indicates the status of 
"clockwise rotation', and other five feature points indicate 
the status of “counterclockwise rotation'. Accordingly, in the 
process of S107 of FIG. 3, the most counted status is deter 
mined to be the “counterclockwise rotation'. As a result, 
when the feature points of S108 are selected, since a left-hand 
corner portion of FIG. 14 has the status of "clockwise rota 
tion', which does not match the most commonly counted 
status, the left-hand corner portion is not selected. Therefore, 
in accordance with the priority order of FIG. 13, a right-hand 
corner portion and a trailing corner portion are selected, and 
based on the two feature points thereof, the inclination of the 
original document is accurately detected. 
0147 FIG. 15 illustrates an example of a scanned result in 
which the original document is substantially dog-eared at its 
leading side and thus has a non-rectangular shape. In the 
example of FIG. 15, when a leading corner portion and a 
left-corner portion are detected as the feature points, it is 
determined that the portions do not have an approximate right 
angle, and it is determined that a trailing corner portion and a 
right-corner portion has an approximate right angle. 
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0148. In this case, in the process of S106 of FIG. 3, the 
leading corner portion and the left-hand corner portion that 
are not approximate right angles are excluded. Accordingly, 
in the determining process of the most commonly counted 
status of S107 and the feature point selecting process of S108, 
the leading corner portion and the left-hand corner portion are 
excluded. In the example of FIG. 15, the right-hand corner 
portion and the trailing corner portion are selected, and based 
on the two feature points thereof, the inclination of the origi 
nal document is accurately detected. 
014.9 FIG. 16 illustrates an example of a case in which a 
non-square original document is scanned. It is determined 
that all of the four detected corner portions do not have an 
approximate right angle. In such a case, since all of the four 
corner portions are excluded in the process of S106 of FIG.3, 
two points on a substantially parallel side are selected in the 
process of S108. Accordingly, even if the original document 
has a non-square shape, as long as the document has a Sub 
stantially parallel side, the inclination can be accurately 
detected based on two points on the substantially parallel 
side. 

0150. The inclination detecting process of the above-de 
scribed present preferred embodiment of the present inven 
tion detects and analyzes the original document pixels, and 
thus, can properly detect the inclination of the original docu 
ment regardless of the content of the original document. 
Moreover, the inclination of original documents of various 
shapes or in various states can be accurately detected even 
when the original document is dog-eared, torn, for example, 
or has a round-cornered rectangular shape, a non-rectangular 
shape, a non-square shape, or other unconventional shape. 
0151. As described above, the inclination detecting unit 67 
of the image Scanner apparatus of the present preferred 
embodiment of the present invention includes, for example, 
the edge pixel acquiring unit 71, the feature point detecting 
unit 72, the status acquiring unit 73, and the inclination cal 
culating unit 74. The edge pixel acquiring unit 71 inputs 
image data line by line, and detects, with respect to each line, 
a left edge pixel and a right edge pixel that are positioned at 
the boundary between the original document and the back 
ground. Based on the position of at least one of the left edge 
pixel and the right edge pixel of the nine lines, the feature 
point detecting unit 72 preferably detects the positions (posi 
tions of each point on the corner portion and on the Substan 
tially parallel side) of the feature points of the original docu 
ment. Based on the position of at least one of the left edge 
pixel and the right edge pixel of the nine lines that includes the 
position of the feature point, with respect to each of the 
feature points, the status acquiring unit 73 acquires the status 
regarding the inclination of the original document. The incli 
nation calculating unit 74 preferably counts the statuses of a 
plurality of feature points, acquires the most commonly 
counted Status, selects two feature points from the feature 
points having the status that matches the most counted Status, 
and calculates, from the positions of the two feature points, a 
tangent value that represents the inclination of the original 
document, for example. 
0152 Thus, the inclination detection performed by a com 
prehensive determination using the feature points and the 
statuses thereof of the original document can be achieved. 
Therefore, the accuracy of the inclination detection can be 
improved. Moreover, the inclination of original documents 
having various shapes can be properly detected. 

Apr. 30, 2009 

0153. In accordance with the predetermined priority order, 
the inclination detecting unit 67 preferably selects two feature 
points from the feature points having the status that matches 
the most commonly counted Status. 
0154 Thus, by properly predetermining the priority order, 
the accuracy of the inclination detection can be further 
improved. Moreover, since the process of selecting the fea 
ture points can be simplified, the time required for the process 
of the inclination detection can be reduced. Furthermore, the 
scanned original document may not have a substantially rect 
angular shape. However, by changing the priority order, a user 
can set from which portion of the original document the 
feature point is detected in priority. Accordingly, various 
requirements in which the leading side of the original docu 
ment is prioritized, the left side of the original document is 
prioritized, or other portions of the original document are 
prioritized, can be met. 
0155 The feature point detecting unit 72 can detect the 
corner portion of the original document as the feature point, 
for example. 
0156 Thus, by using the corner portion of the original 
document as the feature point, the two sufficiently separated 
feature points, such as the leading corner portion and the 
left-hand corner portion, can be selected for the inclination 
calculation, for example. Accordingly, the inclination of the 
original document (i.e., a tangent value) can be accurately 
detected. 

0157. When the corner portion of the original document is 
detected as the feature point, based on the feature of the 
position of at least one of the left edge pixel and the right edge 
pixel, the feature point detecting unit 72 preferably deter 
mines whether or not an angle of the corner portion is an 
approximate right angle. When the angle of the corner portion 
is not an approximate right angle, the inclination calculating 
unit 74 excludes the feature point thereof and then counts the 
statuses. Then, after excluding the corner portion from the 
feature points having the status that matches the most com 
monly counted status, the inclination calculating unit 74 pref 
erably selects the two feature points to calculate the inclina 
tion. 

0158 Thus, when the original document has the shapes 
illustrated in FIGS. 15 and 16, for example, the calculation of 
the inclination based on the corner portion that does not have 
an approximate rightangle can be prevented, thereby prevent 
ing erroneous detection of the inclination. 
0159. As illustrated by the points (1) and (2) on the sub 
stantially parallel side of FIG. 16, for example, the feature 
point detecting unit 72 can acquire, as the feature points, the 
two points positioned on one of the Substantially parallel sides 
(i.e., on a left side) that oppose each other on the right side and 
the left side (on both sides of a line) of the original document, 
with the two points being positioned at a portion other than 
the corner portion of the original document. 
0160 Thus, even when an original document having an 
irregular shape (such as an original document having a non 
rectangular shape or a non-square shape, for example) is 
scanned, as long as the document has a Substantially parallel 
side, the inclination of the original document can be properly 
detected based on the two feature points positioned on the 
substantially parallel side. 
0.161 When the most commonly counted status cannot be 
acquired, the inclination calculating unit 74 calculates the 
inclination (i.e., a tangent value) of the original document 
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based on the positions of the two feature points positioned on 
one of the substantially parallel sides of the original docu 
ment. 

0162 Thus, even if the original document has a round 
cornered shape, for example, and it is difficult to detect the 
accurate position of the corner portion, as long as the docu 
ment has a Substantially parallel side, the inclination of the 
original document can be properly detected based on the 
Substantially parallel side. Accordingly, the inclination detec 
tion with high versatility can be performed. 
0163 As illustrated in FIG. 2, the image scanner apparatus 
101 of the present preferred embodiment of the present inven 
tion includes the image scanning unit 115 arranged to acquire 
image data by Scanning an original document and the incli 
nation correcting unit 68. Based on the inclination (i.e., a 
tangent value) acquired by the inclination detecting unit 67 
processing the image data acquired by the image scanning 
unit 115, the inclination correcting unit 68 preferably per 
forms the rotation process of the image data so as to correct 
the inclination. 
0164. Thus, by accurately detecting the inclination of the 
original document in accordance with the comprehensive 
determination, the inclination correction can be performed. 
Moreover, the inclination correction can be properly per 
formed on an original document having various shapes. 
0.165. In the image scanner apparatus 101, the edge pixel 
acquiring unit 71 of the inclination detecting unit 67 prefer 
ably acquires the positions of the left edge pixel and the right 
edge pixel of each line that is arranged along the main scan 
ning direction of the image Scanning unit 115. 
0166 Thus, by matching the main scanning direction and 
a direction of the lines, while the pixel data consecutively 
input in the main scanning direction at the time of image 
scanning is sequentially processed, the positions of the left 
edge pixel and the right edge pixel can be acquired. Accord 
ingly, since a process of accumulating the image data in the 
memory and then reading out the pixel data in the line direc 
tion can be omitted, the processes can be simplified, and the 
detection of the inclination of the Scanned image can be 
performed at high speed. 
0167. In the present preferred embodiment of the present 
invention, as illustrated in FIG.1, the image scanning unit 115 
preferably includes the flatbed unit. 
0168 Accordingly, even when the original document is 
placed on the flatbed unit in an inclined State, an image that 
is corrected in a proper direction can be acquired by the 
inclination correcting unit 68. Therefore, the original docu 
ment can be placed in any direction or orientation on the 
platen glass 102 of the flat bet unit and scanned, thereby 
facilitating operational performance. 
0169. The preferred embodiments of the present invention 
have been described above, however, the above-described 
configuration may be modified as follows. 
(0170. In the process of S102 of FIG. 3, by using the dif 
ference of luminance between the white color of the pressing 
pad 121 and the pressing member 122 and the white color of 
the original document, the original document pixel and the 
background pixel are detected. However, other methods can 
be used to detect the original document pixel and the back 
ground pixel. For example, a yellow platenglass sheet may be 
attached to the pressing pad 121 and the pressing member 
122. In Sucha case, a Cb value, which is a parameter regarding 
colors, is calculated from input RGB value by using a well 
known expression, and by comparing the Cb value with a 
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prescribed threshold value, the original document pixel and 
the background value can be detected. 
0171 Alternatively, an original document may be placed 
on the platen glass 102 of the flatbed unit and scanned in a 
state in which the original document table cover 104 is open. 
In Such a case, the reflection light is not detected in an area on 
which the original document is not disposed, and the area is 
detected as black pixels. Thus, the pixels detected as black on 
both sides of a line can be recognized as background pixels. 
More specifically, a sensor to detect the opening and closing 
of the original document table cover 104 may be provided to 
the image scanner apparatus 101, and the above-described 
process may be performed when the sensor detects that the 
original document table cover 104 is open, for example. 
(0172. In the process of S103 of FIG. 3, after binarized 
pixels of one line are stored in the memory, original document 
pixels may be searched from one edge to the other edge (and 
from the other edge to the one edge) of the line, and a position 
of the first appearing original document pixel may be recog 
nized as an edge pixel. However, it is preferable to check a 
change of pixels one pixel at a time from the left edge to the 
right edge as described in the above-described preferred 
embodiments of the present invention and to recognize two 
edge pixels in that the above-described preferred embodi 
ments of the present invention do not require a memory and 
can process data sequentially. 
0173 The feature point detecting process of S104 prefer 
ably detects the feature points based on the positions of the 
left edge pixels and the right edge pixels of the nine lines. 
However, in view of accuracy required to detect angles, scan 
resolution, a memory capacity, and processing load, for 
example, the number of lines used to detect the feature points 
from the positions of the left edge pixels and the right edge 
pixels may be appropriately modified. 
0.174. The process of S104 may be modified such that, in 
addition to the four corner portions and the parallel side, the 
right edge pixel on a line of the left-hand corner portion and 
the left edge pixel on a line of the right-hand corner portion 
are detected as the feature points. The process of S104 may 
also be modified such that three or more points are detected on 
the parallel side. 
0.175. In addition to the “no inclination' status, the “clock 
wise rotation' status, and the “counterclockwise rotation' 
status, a status of “rotation by 45 degrees” of the feature point, 
for example, may be detected and stored. 
0176 Alternatively, it may be modified such that the incli 
nation is detected only when the most commonly counted 
status acquired by counting a plurality of statuses of the 
feature points exceeds the status of a clear majority of feature 
points, and the inclination detection is discontinued when the 
most commonly counted Status does not exceed the clear 
majority. Moreover, instead of the clear majority, it may be 
modified such that the inclination is detected only when the 
most commonly counted Status exceeds approximately two 
thirds, for example. 
(0177. The priority order illustrated in FIG. 13 may be 
modified in accordance with the usage and purpose of the 
image scanner apparatus 101. For example, when a plurality 
of non-rectangular original documents is expected to be 
scanned, it may be modified such that two points on a parallel 
side are selected in priority. 
0.178 If possible, it may be modified such that by with 
drawing from the loop of S101 through S104 of FIG. 3, a 
processing period of time is reduced. For example, in the case 
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of FIG. 12, when the image is input and processed line by line 
from an upper edge thereof, the feature point of the leading 
corner portion, then the left-hand corner portion, the point (1) 
on the Substantially parallel side, the point (2) on the Substan 
tially parallel side are sequentially detected. It is assumed that 
at the time when the point (2) on the substantially parallel side 
is detected, all of the statuses of the four feature points that 
have been detected are the “counterclockwise rotation'. In 
Such a case, it is assured that, regardless of the statuses of the 
right-hand corner portion and the trailing corner portion to be 
detected later, the most commonly counted status will be the 
“counterclockwise rotation'. Accordingly, at the time when 
the four feature points before the point (2) on the substantially 
parallel side are detected, the loop process of S101 through 
S104 of FIG.3 may be stopped, the process may proceed to 
the processes after that of S105, the leading corner portion 
and the left-hand corner portion may be selected in accor 
dance with the priority order of FIG. 13, and the inclination 
may be calculated. Thus, the processing period of time for 
inclination detection can be preferably reduced, achieving 
high-speed Scanning. 
0179 The above-described inclination detecting process 
according to preferred embodiments of the present invention 
may be applied not only to a color image but also to a mono 
chrome image. 
0180. The above-described inclination detecting process 
according to preferred embodiments of the present invention 
may be applied not only to the image scanner apparatus 101 
but also to other image scanning apparatuses such as a copier, 
a facsimile machine, a Multi Functional Peripheral, an Opti 
cal Character Reader (OCR), for example. 
0181. While the present invention has been described with 
respect to preferred embodiments thereof, it will be apparent 
to those skilled in the art that the disclosed invention may be 
modified in numerous ways and may assume many embodi 
ments other than those specifically set out and described 
above. Accordingly, the appended claims are intended to 
cover all modifications of the present invention that fall 
within the true spirit and scope of the present invention. 
What is claimed is: 
1. An image processing apparatus comprising: 
an edge pixel acquiring unit arranged to acquire, with 

respect to each line of image data acquired by having an 
original document Scanned, positions of a first edge 
pixel and a second edge pixel that are positioned at a 
boundary between the original document and a back 
ground; 

a feature point detecting unit arranged to detect a feature 
point of an outline of the original document based on a 
feature of the position of at least one of the first edge 
pixel and the second edge pixel of a plurality of lines of 
the image data; 

a status acquiring unit arranged to acquire, with respect to 
each feature point, a status indicating that the original 
document is one of not inclined, inclined towards one 
side, or inclined towards the other side, based on the 
feature of the position of at least one of the first edge 
pixel and the second edge pixel, of the line that includes 
a position of the relevant feature point, or of the line that 
is in the vicinity of the line that includes a position of the 
relevant feature point; and 

an inclination calculating unit arranged to count the sta 
tuses of a plurality of feature points, determine the most 
commonly counted Status, select two feature points from 
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the feature points that have the status that matches the 
most commonly counted Status, and calculate a value 
regarding an inclination of the original document from 
the positions of the two feature points. 

2. The image processing apparatus according to claim 1, 
wherein the inclination calculating unit selects, in accordance 
with a predetermined priority order, the two feature points 
from the feature points that have the status that matches the 
most commonly counted Status. 

3. The image processing apparatus according to claim 1, 
wherein the feature point detecting unit is arranged to detect 
a corner portion of the original document as the feature point. 

4. The image processing apparatus according to claim 3, 
wherein 
when the corner portion of the original document is 

detected as the feature point, the feature point detecting 
unit determines whether or not the corner portion has an 
approximate right angle based on the feature of the posi 
tion of at least one of the first edge pixel and the second 
edge pixel; and 

when the corner portion does not have an approximate right 
angle, the inclination calculating unit excludes the rel 
evant feature point, then counts the statuses, and selects 
the two feature points after excluding the corner portion 
from the feature points that have the status that matches 
the most commonly counted Status. 

5. The image processing apparatus according to claim 3, 
wherein the feature point detecting unit is arranged to acquire, 
as the feature points, at least two points that are positioned on 
one of a plurality of substantially parallel sides of the original 
document opposing each other on each side of the original 
document in a longitudinal direction thereof and that are not 
positioned on the corner portion of the original document. 

6. The image processing apparatus according to claim 5. 
wherein when the most commonly counted Status cannot be 
determined, the inclination calculating unit calculates the 
value regarding the inclination of the original document from 
the two feature points that are positioned on the substantially 
parallel side of the original document. 

7. An image Scanning apparatus comprising: 
an image scanning unit arranged to acquire image data by 

Scanning an original document; 
an edge pixel acquiring unit arranged to acquire, with 

respect to each line of the image data, positions of a first 
edge pixel and a second edge pixel that are positioned at 
a boundary between the original document and a back 
ground; 

a feature point detecting unit arranged to detect a feature 
point of an outline of the original document based on a 
feature of the position of at least one of the first edge 
pixel and the second edge pixel of a plurality of lines; 

a status acquiring unit arranged to acquire, with respect to 
each feature point, a status indicating that the original 
document is one of not inclined, inclined towards one 
side, or inclined towards the other side, based on the 
feature of the position of at least one of the first edge 
pixel and the second edge pixel of the line that includes 
a position of the relevant feature point or of the line that 
is in the vicinity of the former line; 

an inclination calculating unit arranged to count the sta 
tuses of a plurality of feature points, determine the most 
commonly counted Status, select two feature points from 
the feature points that have the status that matches the 
most commonly counted Status, and calculate a value 
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regarding inclination of the original document from the 
positions of the two feature points; and 

a rotation processing unit arranged to perform a rotation 
process on the image data so as to correct the inclination 
thereof based on the value regarding the inclination. 

8. The image scanning apparatus according to claim 7. 
wherein the edge pixel acquiring unit is arranged to acquire 
the positions of the first edge pixel and the second edge pixel 
of each line that is arranged along a main scanning direction 
of the image scanning unit. 

9. The image scanning apparatus according to claim 7. 
wherein the image scanning unit includes a flatbed unit. 

10. The image scanning apparatus according to claim 7. 
wherein the inclination calculating unit selects, in accordance 
with a predetermined priority order, two feature points from 
the feature points that have the status that matches the most 
commonly counted Status. 

11. The image scanning apparatus according to claim 7. 
wherein the feature point detecting unit is arranged to detect 
a corner portion of the original document as the feature point. 

12. The image scanning apparatus according to claim 11, 
wherein 
when the corner portion of the original document is 

detected as the feature point, the feature point detecting 
unit determines whether or not the corner portion has an 
approximate right angle based on the feature of the posi 
tion of at least one of the first edge pixel and the second 
edge pixel; and 

when the corner portion does not have an approximate right 
angle, the inclination calculating unit excludes the fea 
ture point corresponding to the corner portion, then 
counts the statuses, and selects the two feature points 
from the feature points that have the status that matches 
the most commonly counted status after excluding the 
feature point of the corner portion. 

13. The image scanning apparatus according to claim 11, 
wherein the feature point detecting unit is arranged to acquire, 
as the feature points, at least two points that are positioned on 
one of a plurality of substantially parallel sides of the original 
document facing each other on each side of the original docu 
ment in a longitudinal direction thereof and are not positioned 
on the corner portion of the original document. 

14. The image scanning apparatus according to claim 13, 
wherein when a number of the most commonly counted Status 
cannot be acquired, the inclination calculating unit calculates 
a value regarding the inclination of the original document 
from the positions of the two feature points positioned on the 
Substantially parallel side of the original document. 

15. An image processing method comprising: 
an edge pixel acquiring step of acquiring, with respect to 

each line of image data acquired by having an original 
document scanned, positions of a first edge pixel and a 
second edge pixel that are positioned at a boundary 
between the original document and a background; 

a feature point detecting step of detecting a feature point of 
an outline of the original document based on a feature of 
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the position of at least one of the first edge pixel and the 
second edge pixel of a plurality of lines; 

a status acquiring step of acquiring, with respect to each 
feature point, a status indicating that the original docu 
ment is one of not inclined, inclined towards one side, or 
inclined towards the other side, based on the feature of 
the position of at least one of the first edge pixel and the 
second edge pixel of the line that includes a position of 
the relevant feature point or of the line that is in the 
vicinity of the line that includes a position of the relevant 
feature point; and 

an inclination calculating step of counting the statuses of a 
plurality of feature points, determining the most com 
monly counted Status, selecting two feature points from 
the feature points that have the status that matches the 
most commonly counted Status, and calculating a value 
regarding an inclination of the original document from 
the positions of the two feature points. 

16. The image processing method according to claim 15, 
wherein the inclination calculating step selects, in accordance 
with a predetermined priority order, two feature points from 
the feature points that have the status that matches the most 
commonly counted Status. 

17. The image processing method according to claim 15, 
wherein the feature point detecting step detects a corner por 
tion of the original document as the feature point. 

18. The image processing method according to claim 17. 
wherein 

when the corner portion of the original document is 
detected as the feature point, the feature point detecting 
step determines whether or not the corner portion has an 
approximate right angle based on the feature of the posi 
tion of at least one of the first edge pixel and the second 
edge pixel; and 

when the corner portion does not have an approximate right 
angle, the inclination calculating step excludes the rel 
evant feature point, counts the statuses, and then selects 
the two feature points that match the most commonly 
counted Status after excluding the corner portion from 
the feature points that have the status. 

19. The image processing method according to claim 17. 
wherein the feature point detecting step acquires, as the fea 
ture points, at least two points that are positioned on one of a 
plurality of substantially parallel sides of the original docu 
ment facing each other on each side of the original document 
in a longitudinal direction thereof and are not positioned on 
the corner portion of the original document. 

20. The image processing method according to claim 19, 
wherein when the most counted Status cannot be acquired, the 
inclination calculating step calculates the value regarding the 
inclination of the original document from the positions of the 
two feature points that are positioned on the substantially 
parallel side of the original document. 
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